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Premise plumbingA B S T R A C T
Objective/Background: A published survey of bacteria in showerhead biofilm samples
revealed that Methylobacterium spp. and Mycobacterium spp. seldom coexisted in biofilms.
Methods: To confirm that information, biofilm samples were collected from household
plumbing ofMycobacterium avium patients andMethylobacterium spp. andM. avium numbers
were measured by direct colony counts.
Results: The results demonstrated that ifMethylobacterium spp. were present,Mycobacterium
spp. were absent, and the opposite.
Conclusion: The data demonstrate that microbial populations in biofilms can influence the
presence or absence of opportunistic premise plumbing pathogens and, thereby, increase
the range of strategies to reduce exposure to waterborne pathogens. Finally, by assessing
for the visual presence of methylobacteria as pink pigmentation on showers and shower
curtains, homeowners and managers of hospitals and other buildings can quickly deter-
mine whether a premise plumbing biofilm sample has mycobacteria with a high degree
of assurance.
 2016 Asian African Society for Mycobacteriology. Production and hosting by Elsevier Ltd.
All rights reserved.Introduction
Nontuberculous mycobacteria (NTM) are opportunistic
human pathogens whose source of infection is the environ-
ment [1]. Mycobacterium species are found in drinking water
distribution systems [2], hospital plumbing [3], and household
plumbing [4] and cause chronic and life-threatening
pulmonary infections that are difficult to treat [5,6].
The incidence of NTM disease in the USA and Canada is
rising [7,8]. In Toronto, Canada NTM disease incidence hasrisen from 1.5 per 100,000 to 9.0 per 100,000 over the period
1997–2003 [7]. Similarly, NTM disease is increasing in the
USA based on reports of NTM lung disease in hospitalized
persons [8]. A major fraction of these cases are found in older,
slender women, lacking any of the classic risk factors for NTM
disease, yet have a greater tendency than the general popula-
tion to develop NTM pulmonary disease [9–11]. It follows that
as the population of the USA continues to age—25% of the US
population will be over 60 years by 2025 [12]—the incidence of
NTM pulmonary disease will continue to increase. Further, as
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infection or reinfection by other environmental NTM [13], it
is of value to identify means to reduce NTM exposure.
A recent study demonstrated thewidespread presence and
high numbers of Mycobacterium spp. and Mycobacterium avium
in showerhead biofilms across the USA [14]. Although not
highlighted by the authors, examination of the data indicate
a potentially important pattern; namely, the presence of
clones of pink-pigmented Methylobacterium spp. were associ-
ated with the absence of Mycobacterium spp. and the presence
of Mycobacterium spp. with the absence of Methylobacterium
spp. [14]. Specifically, of 10 clone libraries with >37.5% Methy-
lobacterium spp. sequences, nine had <6.4% Mycobacterium
spp. sequences [14]. Correspondingly, of eight clone libraries
with >50%Mycobacterium spp. sequences all had >7.5%Methy-
lobacterium spp. sequences [14]. In only one showerhead sam-
ple was there both substantial Mycobacterium spp. (46.7%) and
Methylobacterium spp. (38.9%) sequences [14].
Like M. avium and other NTM, Methylobacterium spp. are
normal inhabitants of drinking water distribution systems
and buildings, including hospitals [15–21]. Further, a substan-
tial proportion of Methylobacterium spp. isolates are chlorine-
resistant [22], form biofilms [23,24], and belong to the group
of amoeba-resisting bacteria of drinking water [25]. House-
hold environments influenced by municipal water are evi-
dently also habitats, as Methylobacterium spp. have been
shown to be abundant among DNA clones recovered from
shower curtains [26].
For this study, it was hypothesized that the presence of the
pink-pigmented Methylobacterium spp. would be associated
with the absence of Mycobacterium spp. and that the presence
ofMycobacterium spp. would be associatedwith the absence of
Methylobacterium spp. to test the hypothesis, household water
systems were sampled to directly measure numbers ofMethy-
lobacterium spp. and Mycobacterium spp.Materials and methods
Households
The Falkinham laboratory is currently participating in a study
of households of patients from the Philadelphia, Pennsylva-
nia area with M. avium pulmonary disease, with the objective
of determining whether their household plumbing (including
showerheads) could be the source of their infection. Approval
for that study was granted by the Main Line Health Hospitals
Institutional Review Board.Collection of household water and biofilm samples
Surface biofilms of water taps and showerheads from house-
holds of patients with NTM pulmonary disease and their
neighbors were swabbed (5–10 cm2) by study personnel and
placed in 3 mL of tap water from the residence. Containers
and swabs were sent to the Virginia Tech laboratory for isola-
tion, enumeration, and identification of mycobacteria and
methylobacteria. Patients did not collect samples, lest patient
M. avium contamination occur.Isolation of Mycobacterium spp. and Methylobacterium spp.
from biofilm samples
Isolation, enumeration, and identification of Mycobacterium
spp. was performed as described [27]. In addition, samples
were also spread on R2A agar (BD, Sparks, MD, USA) and incu-
bated at 30 C for 3 days for isolation and enumeration of the
pink-pigmented, presumptive Methylobacterium spp.
Identification of Methylobacterium spp. isolates
Pink-pigmented colonies on R2A agar were picked, purified
using single colony isolation, and identified on the basis of
cultural, biochemical, and enzyme tests as described [19].
Results
Isolation of Methylobacterium spp. and Mycobacterium spp.
in household plumbing biofilm samples
To confirm that the presence of Methylobacterium spp. was
associatedwith an absence ofMycobacterium spp. [14], 153 bio-
film samples from the plumbing of 20 Philadelphia NTM
patient households and neighboring control households
received by the Virginia Tech laboratory were processed to
isolate, enumerate, and identify pink-pigmented colonies as
well as Mycobacterium spp. Pink-pigmented colonies were
picked and purified. Seven percent of pink colonies proved
to be yeast by microscopic morphology, 9% were cocci (pre-
sumably Deinococcus spp.), and the remaining 84% were
gram-negative rods. The rod-shaped isolates were identified
as Methylobacterium spp. on the basis of the presence of cata-
lase activity, absence of urease activity, their failure to grow at
37 C or 42 C, absence of growth on MacConkey agar, inability
to hydrolyze Tween 80, or change the pH of triple sugar iron
agar [19]. A majority grew on glycerol or xylose as sole carbon
sources, but failed to grow on glucose, lactose, or mannitol
[19]. As noted by others [19], a high percentage (92%) of the
Methylobacterium spp. isolates recovered here spontaneously
aggregated in Tryptic Soy broth cultures.
All the acid-fast isolates from the biofilm samples col-
lected from the plumbing of the patients’ and neighbors’
households sampled for this study proved to be M. avium.
Coexistence of Methylobacterium spp. and Mycobacterium
spp. in biofilms
Based only on the number of Methylobacterium spp. isolates,
the results (Table 1) show that biofilm samples with Methy-
lobacterium spp. seldom yielded Mycobacterium spp. and that
samples lacking Methylobacterium spp. were more likely to
yield Mycobacterium spp. The criterion for the presence of
Methylobacterium spp. colonies in samples required P10 or
more colonies (i.e., 300 CFU/cm2) on RA2 agar. Any sample
yielding an M. avium isolate was considered positive. Based
on the assumption that the distribution of Mycobacterium
spp. and Methylobacterium spp. should be equal and random,
the variation in the four groups was significantly different
than expected (p = .0015, Fisher’s exact test). Thus, the results




Present 10 (7%) 32 (21%) 42 (27%)
Absent 61 (40%) 50 (33%) 111 (73%)
Total 71 (46%) 82 (54%) 153 (100%)
Note: aNumber (percent) of samples yielding Mycobacterium avium or Methylobacterium.
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ment with the previously published molecular survey of
shower heads [14].Discussion
We conclude that the presence of a Methylobacterium spp. bio-
film is associated with the absence of M avium. These obser-
vations contribute to the emerging study of drinking water
biofilmmicrobiomes [23,24], here describing a unique interac-
tion between M. avium and Methylobacterium spp. Further, the
results are of significance to the estimated 30,000 individuals
in the USA with pulmonary mycobacterial disease [7,8], as
they are innately susceptible to continued mycobacterial
infections [13]. Specifically, the presence or absence of the
visibly apparent pink-pigmented Methylobacterium spp. could
be used to rapidly determine whether a water tap or shower-
head hadMycobacterium spp. by inspecting shower surfaces or
a shower curtain for presence of a pink stain or deposit [14].
As Mycobacterium spp. are only isolated from 30% of house-
hold taps or showerheads in a home [4], at-risk individuals
or Mycobacterium spp.-infected patients could select taps
and showers most likely to lack Mycobacterium spp. Further-
more, the advantage of this discovery is that laboratory cul-
ture detection of Methylobacterium spp. can be rapidly
performed (2–3 days at 30 C). The study of showerhead bio-
films employing 16Sr ribosomal RNA sequence for identifica-
tion of Mycobacterium clones [14], showed that a great variety
of Mycobacterium spp. clones were absent when Methylobac-
terium spp. were detected. Thus, we suggest that the presence
of Methylobacterium spp. is not only associated with the
absence of M. avium, but is also associated with the absence
of other Mycobacterium species.
The fact that Mycobacterium spp. are seldom recovered
from taps or showerheads that have Methylobacterium spp.,
could potentially be exploited as a strategy to limit adherence
and biofilm formation by M. avium and likely other Mycobac-
terium species to reduce exposure of individuals to these
opportunistic premise plumbing pathogens in household
and hospital plumbing and in instruments with water reser-
voirs. Rather than suggest the ‘‘inoculation” of household
plumbing with Methylobacterium spp. cells, further investiga-
tion of the possible inhibition ofM. avium adherence by cellu-
lar fractions of Methylobacterium spp. has been initiated as
well as studies to elucidate the mechanism whereby Methy-
lobacterium spp. presence signals the absence of Mycobac-
terium spp.Conflicts of interest
None declared.R E F E R E N C E S[1] J.O. Falkinham III, Nontuberculous mycobacteria in the
environment, Clin. Chest Med. 23 (2002) 529–551.
[2] J.O. Falkinham III, C.D. Norton, M.W. LeChevallier, Factors
influencing numbers of Mycobacterium avium, Mycobacterium
intracellulare, and other mycobacteria in drinking water
distribution systems, Appl. Environ. Microbiol. 67 (2001) 1225–
1231.
[3] G.C. duMoulin, K.D. Stottmeier, P.A. Pelletier, et al,
Concentration of Mycobacterium avium by hospital water
systems, J. Am. Med. Assoc. 260 (1988) 1599–1601.
[4] J.O. Falkinham III, Nontuberculous mycobacteria from
household plumbing of patients with nontuberculous
pulmonary disease, Emerg. Infect. Dis. 17 (2011) 419–424.
[5] T.K. Marras, C.L. Daley, Epidemiology of human pulmonary
infection with nontuberculous mycobacteria, Clin. Chest
Med. 23 (2002) 553–567.
[6] D. Griffith, T. Aksamit, B. Brown-Elliott, et al, An official ATS/
IDSA statement: diagnosis, treatment, and prevention of
nontuberculous mycobacterial diseases, Am. J. Respir. Crit.
Care Med. 175 (2007) 367–416.
[7] T.K. Marras, P. Chedore, A.M. Ying, et al, Isolation prevalence
of pulmonary non-tuberculous mycobacteria in Ontario,
1997–2003, Thorax 62 (2007) 661–666.
[8] M.E. Billinger, K.N. Olivier, C. Viboud, et al, Nontuberculous
mycobacteria-associated lung disease in hospitalized
persons, United States, 1998–2005, Emerg. Infect. Dis. 15
(2009) 1562–1569.
[9] D.S. Prince, D.D. Peterson, R.M. Steiner, et al, Infection with
Mycobacterium avium complex in patients without
predisposing conditions, N. Engl. J. Med. 321 (1989) 863–868.
[10] J.M. Reich, R.E. Johnson, Mycobacterium avium complex
pulmonary disease. Incidence, presentation, and response to
therapy in a community setting, Am. Rev. Respir. Dis. 143
(1991) 1381–1385.
[11] T.P. Kennedy, D.J. Weber, Nontuberculous mycobacteria. An
underappreciated cause of geriatric lung disease, Am. J.
Respir. Crit. Care Med. 149 (1994) 1654–1658.
[12] United Nations Population Division, World population aging:
1950–2050, United Nations, New York, 2002.
[13] R.J. Wallace Jr., Y. Zhang, B.A. Brown-Elliott, et al, Repeat
positive cultures in Mycobacterium intracellulare lung disease
after macrolide therapy represent new infections in patients
with bronchiectasis, J. Infect. Dis. 186 (2002) 266–273.
[14] L.M. Feazel, L.K. Baumgartner, K.L. Peterson, et al,
Opportunistic pathogens enriched in showerhead biofilms,
Proc. Natl. Acad. Sci. U.S.A. 106 (2009) 16393–16399.
I n t e r n a t i o n a l J o u r n a l o f M y c o b a c t e r i o l o g y 5 ( 2 0 1 6 ) 2 4 0 –2 4 3 243[15] A. Ultee, N. Souvatzi, K. Maniadi, et al, Identification of the
culturable and nonculturable bacterial population in ground
water of a municipal water supply in Germany, J. Appl.
Microbiol. 96 (2004) 560–568.
[16] V. Gallego, M.T. Garcı´a, A. Ventosa, Methylobacterium
hispanicum sp. nov. and Methylobacterium aquaticum sp. nov.,
isolated from drinking water, Int. J. Syst. Evol. Microbiol. 55
(2005) 281–287.
[17] V. Gallego, M.T. Garcı´a, A. Ventosa, Methylobacterium isbiliense
sp. nov. isolated from the drinking water system of Sevilla,
Spain, Int. J. Syst. Evol. Microbiol. 55 (2005) 2333–2337.
[18] V. Gallego, M.T. Garcı´a, A. Ventosa, Methylobacterium variabile
isolated from an aquatic environment, Int. J. Syst. Evol.
Microbiol. 55 (2005) 1429–1433.
[19] V. Gallego, M.T. Garcı´a, A. Ventosa, Methylobacterium
adhaesivum sp. nov., isolated from drinking water, Int. J. Syst.
Evol. Microbiol. 56 (2006) 339–342.
[20] G.L. Gilardi, Y.C. Faur, Pseudomonas mesophilica and an
unnamed taxon, clinical isolates of pink-pigmented
oxidative bacteria, J. Clin. Microbiol. 20 (1984) 626–629.
[21] A.B. Kressel, F. Kidd, Pseudo-outbreak of Mycobacterium
chelonae and Methylobacterium mesophilicum caused bycontamination of an automated endoscopy washer, Infect.
Control Hosp. Epidemiol. 22 (2001) 414–418.
[22] A. Hirashi, K. Furuhata, A. Matsumoto, et al, Phenotypic and
genetic diversity of chlorine-resistant Methylobacterium
strains isolated from various environments, Appl. Environ.
Microbiol. 61 (1995) 2099–2107.
[23] L.C. Simo˜es, M. Simo˜es, M.J. Viera, Biofilm interactions
between distinct bacterial genera isolated from drinking
water, Appl. Environ. Microbiol. 73 (2007) 6192–6200.
[24] B. Ramalingam, R. Sekar, J.B. Boxall, et al, Aggregation and
biofilm formation of bacteria isolated from domestic
drinking water, Water Sci. Technol. Water Supply 13 (2013)
1016–1023.
[25] V. Thomas, K. Herrera-Rimann, D.S. Blanc, et al, Biodiversity
of amoebae and amoeba-resisting bacteria in a hospital
water network, Appl. Environ. Microbiol. 72 (2006) 2428–2438.
[26] S.T. Kelley, U. Theisen, L.T. Angenent, et al, Molecular
analysis of shower curtain biofilm microbes, Appl. Environ.
Microbiol. 70 (2004) 4187–4192.
[27] J.O. Falkinham III, M.D. Iseman, P. De Haas, et al,
Mycobacterium avium in a shower linked to pulmonary
disease, J. Water Health 6 (2008) 209–213.
